Abstract: Growing evidences indicate that tumor regrowth and invasion refer a small subpopulation of tumor cells called cancer stem cells (CSCs). Autophagy is an essential catabolic process for cell homeostasis that involves in cell survival and death and also development of various human diseases including cancer. Here we aimed to investigate the effect of autphagy on the subpopulation of CD44 
/CD24
À/low phenotype MCF7 and Hep-2 cells. CD44 C /CD24 À/low cells were isolated from MCF7 and 
INTRODUCTION
Autophagy is a highly conserved catabolic pathway that targets dysfunctional cellular organelles and cytoplasmic constituents that leads to cell degradation and elimination of cytoplasmic components by lysosomal machinery [1] . Autophagy contributes in genomic stability and protecting cells against stress, organelle damage and microbes [2] . In addition, it regulates cellular homeostasis during synthesis and is necessary for removal damaged or long-lived organelles and proteins [1, 2] . Autophagy has been referred to as a double-edged sword because of having a dual role in cell survival and death [3] . The dual role of autophagy in the promotion also prevention of many tumors has been demonstrated previously [3, 4] . Numerous literatures indicated that cells possess a mechanism of programmed cell death that is associated with the formation of autophagosomes and depends on autophagydepending proteins [5] . This suggests that autophagic programmed cell death is an alternative mechanism to apoptosis [6] . Autophagy assist tumor cells to tolerate stressful metabolic environments qua some types of cancer depend on autophagy to advancement and survival [7, 8] . A growing area of evidence implicates a paradoxical role of autophagy following anticancer treatments as well. Cancer cells can exploit autophagy to resist the cytotoxicity of anticancer drugs, although some drugs may require autophagy to kill cancer cells [9] . In contrast, it can prevent the initiation of tumorigenesis through protecting genomic stability, reducing cytoplasmic damage also inflammation during the initial stage of tumor formation [10] . The lack or inhibition of autophagy leads to increased levels of reactive oxygen species which causes the accumulation of DNA damage. This appears as gene amplification, polyploid nucleus and increased DNA double-strand break relating a perfect target to anticancer therapy [11] . Thereby, this mechanism has been a strong motivating factor for determining cells fate. Recently, researchers propagate that the capability of a tumor to grow and chemoresistance involved to on a small subset of tumor cells termed cancer stem cells (CSCs). These cells are believed to be responsible for tumor initiation, recurrence and failure of conventional therapies. [12] . Cancer stem cells are defined as undifferentiated cells, having stem cell properties with selfrenewal potency and ability to regenerate malignant cells and act as an engine to growth of the cancer [13] . According to many studies, invasion, regrowth potency and treatment of cancer is connected to function of CSCs. The CSCs have been described as possessing the cell-surface phenotype CD44
C /CD24 À/low cells that represent averagely 1-2% of all cells in a tumor [14] and enhancement in population exhibits increased tumorigenicity and invasion [15, 16] . CD44 is a cell-adhesion molecule responsible in binding of cells to hyaluronic acid [17] , whereas CD24 is a regulator of CXCR4, a molecule involved in breast tumor formation [18] . It has been revealed that CD44
À/low subpopulation of primary tumors has a direct linkage with resistance against chemotherapies [19] , metastasis and malignant relapse [20] . Although data have been provided to support resistance of CSCs against programmed cell death mechanisms [21] , researchers believe CSCs could be Achilles' heel of cancer in CSC targeting therapies [12] . In this study we aimed to investigate MCF7 and Hep-2 derived CD44
À/low cell subpopulation in a culture model under autophagic condition.
METHODS

Chemicals and antibodies
C2 ceramide was purchased from Sigma-Aldrich (St. Louis, USA) and were dissolved in dimethyl sulfoxide (DMSO) as 10 mg/ml and stored at a C4 C until use. Rabbit anti human MAP LC3 IgG, rabbit anti human MAP LC3 IgG and FITC-conjugated goat anti-rabbit IgG antibodies were purchased from Santa Cruz Biotechnology Inc. (Dallas, Texas, USA). FITCconjugated mouse anti human CD44 monoclonal and PE-conjugated mouse anti human CD24 monoclonal antibodies were purchased from Thermo scientific Inc (Rockford, IL, USA).
Cell culture MCF7 and Hep-1cell lines were purchased from the American Type Culture Collection (ATCC). The cells were cultured in Dulbecco's Modified Eagle's Medium (DMEM; Gibco) that was completed with 10% fetal bovine serum (Gibco), 1% L-glutamine (Gibco), 1% penicillin (100 unit/ml) and 1% streptomycin (10 mg/ml) with incubation at 37 C in a 5% CO 2 humidified incubator. After the cell culture reached 80% confluency, cells were trypsinized with 0.25% trypsin (SigmaAldrich, St. Louis, USA) and then harvested. In order to perform the experiments, the cells were seeded as 2 Â 10 4 , 5 Â 10 4 , 10 5 and 5 Â 10 5 cells in 96, 24, 12 and 6-well plates respectively in triplicate for each one and then cultured at the condition maintained above for 24 hours before start to treatment.
Immunofluorescence assay and microscopy Cells were cultured on immunofluorescence slides 24 hours before treatment. At the end of the treatment period, the slides were rinsed in PBS and the cells were fixed by cold methanol for 5 minutes. Blocking was done with incubation of slides in 1% BSA solution for an hour with gentle agitation. After the blocking, the slides were incubated in 1 mg/ml solution of rabbit anti MAP LC3 IgG as the primary antibody for an hour with gentle agitation. Then, the slides were rinsed in TBST tree times each for 5 minutes. Afterwards the slides were incubated in 1 mg/ml solution of goat anti-rabbit IgG-FITC as the secondary antibody for an hour in darkness. The slides were then washed completely in TBST and were mounted by 4 0 ,6-diamidino-2-phenylindole (DAPI). The slides were observed under a confocal fluorescence microscope (Nikon, Japan).
CD44 and CD24 expression flow cytometry and FACS analysis Cells were trypsinized and washed with HBSS and were pelleted by spinning down. One million cells were resuspended in 100 ml of 2% FBS/HBSS solution and then were transferred to a test tube. 20 ml from each FITC-conjugated mouse anti human CD44 monoclonal and PE-conjugated mouse anti human CD24 monoclonal antibodies (Thermo scientific, Rockford, USA) were added to the tube and then incubated at C4 C in darkness for an hour with gentle agitation. Afterwards, the cells were rinsed two times with 2% FBS/HBSS solution and 400 ml of 1 mg/ml DAPI solution (dissolved in 2% FBS/HBSS) were added to the cells. The cells were analyzed using FACS machine (BD FACSAria TM III cell sorter) with adjusting same gape for each capillary in terms of CD44 and CD24 markers expression rate. FITC-and PE-conjugated isotype control antibodies (Thermo Scientific, Rockford, USA) were used as positive control and unstained cells were as negative control. The subpopulations were calculated among living cells.
Statistical analysis
The statistical significances were considered applying two-tailed student's t test and analysis of variance (ANOVA) using the GraphPad Prism Ò V.5.00 software (La Jolla, San Diego, USA). The image base data were analyzed using ImageJ software (NIH, Maryland, USA). P < 0.05 was considered as statistically significant.
RESULTS
C2 ceramide stimulates autophagy in CD44
C
/CD24
À/low cells In order to confirm susceptibility of breast CSCs against autophagy, we monitored the LC3 protein aggresomes in the FACS sorted CD44 C /CD24 À/low cells treated with 20 mM C2 ceramide for 24 hours in serum free medium. The result showed an enhanced LC3 protein aggregation in the both cell types treated with C2 ceramide, in comparison with negative controls (PBS) (Figure 1 ). The C2 ceramide treated CD44 C /CD24 À/low MCF7 (P < 0.0001) and Hep-2 (P < 0.0001) cells also showed a significant increase in autophagosome areas compared to negative controls ( Figure 1 ). These results confirmed that treatment with C2 ceramide induced autophagy in the CD44 C / CD24 À/low phenotype cells.
Autophagy suppresses CD44
C /CD24 À/low cell subpopulation To determine effect of autophagy on the CD44 C /CD24
À/low cell subpopulation we cultured the cells in presence of C2 ceramide for 24 hours and then analysed subpopulation of CD44 C /CD24 À/low phenotype in total MCF7 and Hep-2 cells. The results are shown in Figure 2 . According to the results, the mean percentage of CD44 C /CD24 À/low subpopulation in PBS and C2 ceramide treated MCF7 cell culture were respectively 2.6 and 0.3 (P < 0.01) and in PBS and C2 ceramide treated Hep-2 cell culture were respectively 4.9 and 0.63 (P < 0.001) (Figure 2 ). This consequence revealed a significant reduction of CD44 C
/CD24
À/low cell subpopulation due to autophagy in comparison with negative control (P < 0.001).
DISCUSSION
Autophagy is a catabolic regulator acts as an adaptive mechanism when intracellular and extracellular environment are poor and when cells are metabolically stressed that can ascertain the stem cells fate by impact on differentiation, survival and death [1] . Since a functionally anomaly seen in tumor cells, it appears that CSCs exploit autophagy to tumorigenesis and chemoresistance [22] . On the other way, autophagy elucidates anti-cancer properties in vitro and in vivo treatments [23] thereby, it plays two conflicting performance in tumor cells. In the present study, results showed that LC3 aggregation occurred in CD44
C
/CD24
À/low MCF7 and Hep-2 cells due to C2 ceramide. Promotion of autophagy by C2 ceramide led to a clear increase in the number of LC3-labeled autophagosomes. LC3 is involved during the late steps of autophagy after the isolation membrane and autophagosomes has formed [24] . Here, we observed autophagy in CD44 C
À/low phenotype cells by monitoring LC3 aggregation. This method allows to the quantification of autophagic vesicles in each separated cell [24] . Therefore, we showed here that CSCs with CD44 C /CD24 À/low phenotype are efficiency susceptible to autophagy inducers. With taking into consideration a number of drugs in the clinical trials against cancers affect or act through autophagy, autophagy stimulatory approach can be considered more for discover novel anti-cancer drugs.
There has been revealed that subpopulation of CSCs in a primary tumors directly connects to resistance against chemotherapies [19] , metastasis as well as malignant relapse [20] . In other words, CSC subpopulation is a positive factor for tumor regrowth, malignancy and invasion and also owing to having high DNA repair capacity and stem cell properties. The expressional evaluation of CD markers is a standard approach to identify different cell types and the assessment of their subpopulations. Hence, we used cytometry approach to obtain the scalar size of the cell subpopulation in terms of CD44 expression 
À/low cells. It is currently unclear whether CSCs arise by conversion of normal stem cells or tumor cell reverse differentiation. Given that many studies demonstrated that autophagy plays a prominent role in cellular differentiation during development [1, 2] , therefore changes in self-renewal and differentiation potency of the cells might be due to autophagic condition. Salemi et al. [25] reported that autophagy is an essential factor in stem cell self-renewal and differentiation; however, functional properties of CSCs are very diverse to normal stem cells. Therefore, reduction in the CSC subpopulation might be due to the possible effect of autophagy on the CSC self-renewal and alteration of their differentiation properties, although, we did not investigate here the self-renewal and differentiation of CSCs.
Recent studies revealed the positive regulatory role of autophagy in CSCs leading to survival and invasion [22, 26] . It is predicted that autophagy would be crucial for the quality control mechanisms and the maintenance of cellular homeostasis in various stem cells given their relatively long life in the organisms [27] . Additionally, very recent publications revealed effective role of autophagy induced cell death in eradiation of breast CSCs [23, 28] . Relying on our findings we suggest that MCF7 and Hep-2 derived cancer stem cells with CD44 C / CD24
À/low phenotype are as susceptible as the original cells against stimulation of autophagy, and the cancer stem cell subpopulation decreases due to the activation of autophagy, although the exact reason still remains unclear. We also suggest that autophagy may be a strong aim to develop CSC targeting approach that eventually allows us to discover novel CSC targeted drugs for the treatment of cancers. 
